








%XAMINATION OF  THE  JOURNAL  LITERATURE  AND  ESPECIALLY 
PATENTS  GRANTED  BEFORE    REVEALS  FREQUENT 






COWORKERS  ;=  BARELY  ANTICIPATED  BY  THE  STUDIES  BY MYSELF 
AND MY ASSOCIATES ON ITS LIMITED ACTIVITY FOR HYDROGENATION ;= 
AND  THAT  OF  'RAHAM  (UTCHINGS  AND  HIS  COLLEAGUES  ON  THE 





73 2APSON OF  THE  )NTERNATIONAL 'OLD #ORPORATION  ,TD  THE 
TYPESCRIPT  HAS  KINDLY  BEEN  LENT  TO  ME  BY  2ICHARD  (OLLIDAY 
7ORLD  'OLD  #OUNCIL	  AND  THIS  ARTICLE  IS  LARGELY  BASED  ON 
AN  ANALYSIS  OF  ITS  CONTENTS  )T  ONLY  PROVIDES  THE  TITLE  AND 
REFERENCE FOR EACH CITED WORK AND A REFERENCE TO AN ABSTRACT 
IN EITHER 'OLD "ULLETIN OR #HEMICAL !BSTRACTS 7HAT FOLLOWS IS 





4HE  READER  MAY  WONDER  WHETHER  THIS  IS  A  WORTHWHILE 
EXERCISE  AS  THE  SCIENCE  HAS  CLEARLY  ADVANCED  IN  LEAPS  AND 




BETTER  WAYS  FOR  THE  SELECTIVE  OXIDATION  OF  HYDROCARBONS  TO 
MORE  VALUABLE  PRODUCTS  THESE  COVER  FOR  EXAMPLE  THE 
PRODUCTION OF OXIRANE  ETHYLENE OXIDE	 AND OF  VINYL ACETATE 
MONOMER BY  THE 7ACKER  PROCESS  )NTEREST WAS  ALSO  RAPIDLY 
DEVELOPING  FOR  CATALYSTS  FOR  USE  IN  FUEL  CELLS  &OR  ANYONE 
WANTING SOMETHING NEW TO DO HOWEVER A POSSIBLE BENE½T IN 














PGM  ATOMS  OR  LESS  PROBABLY  BY  CHANGING  THEIR  ELECTRONIC 
STRUCTURE BUT SINCE GOLD OFTEN SEEMS TO HAVE A UNIQUE ABILITY 
AS  MODI½ER  PERHAPS  BECAUSE  OF  ITS  RELATIVE  INACTIVITY  A 
NUMBER OF EXAMPLES OF  ITS USE  IN BIMETALLIC SYSTEMS WILL BE 














OF  ELECTRONIC  FACTORS  IN  CATALYSIS  AND  THE  PALLADIUMGOLD 
SYSTEM HAS BEEN  THE MOST WIDELY USED BECAUSE  IT  FORMS A 
CONTINUOUS RANGE OF SOLID SOLUTIONS 4HE ½RST MEASUREMENTS 
OF  THE  EFFECT  OF  GOLD  ON  THE  SOLUBILITY  OF  HYDROGEN  IN 
PALLADIUM WERE MADE BY 4HOMAS 'RAHAM IN  ;= BUT 
HIS WORK WAS CRITICISED IN THE LATER STUDY BY !* "ERRY ;= WHO 
BELIEVED  'RAHAM´S  MATERIALS  WERE  NOT  FULLY  EQUILIBRATED 
"ERRY´S MEASUREMENTS WERE IN LINE WITH ALL SUBSEQUENT WORK 
!LMOST  ALL  PREPARATIONS  OF  GOLD  CATALYSTS  WHETHER 
SUPPORTED  OR  UNSUPPORTED  START  WITH  CHLOROAURIC  ACID 
(!U#L	 &IGURE 	 DESPITE THE FACT THAT CHLORINE REMAINING 
ON THE CATALYST IS OFTEN A POISON !LTHOUGH WAYS OF REMOVING 
IT  HAVE  NOW  BEEN  DEVELOPED  ;=  AND  HALIDEFREE METHODS 
SUCH AS #6$ CHEMICAL VAPOUR DEPOSITION	 AND 0#$ PHYSICAL 
VAPOUR DEPOSITION	 ARE NOW AVAILABLE  IT  IS OF  INTEREST TO SEE 
WHETHER  THE  OLDER  LITERATURE  HAS  ANY  SUGGESTIONS  FOR  OTHER 
USEFUL ALTERNATIVES
!LKYL COMPOUNDS OF GOLD ARE UNSTABLE BUT THE FORMATION 
OF  A  GOLDMETHYL  COMPOUND  WAS  SUSPECTED  ;=  IN  THE 
REACTION  OF  METHYL  CHLORIDE  WITH  THE  !U3I  EUTECTIC 
WHICH  HAS  THE  LOWEST  MELTING  POINT    +	 





BRIE¾Y  4HE  CHIEF  PURPOSE  OF  THIS  REVIEW  IS  TO  REMIND  THE 
READER  THAT  GOLD  CATALYSIS  DID  NOT  BEGIN  IN    AND  THAT 
WORK  PERFORMED  HOWEVER  INADEQUATELY  BEFORE  THEN  MAY 
CONTAIN SUGGESTIONS FOR THE FURTHER EXTENSION OF GOLD CATALYSIS 
IN THE FUTURE






4HE  PATENT  WILL  DESCRIBE  THE  INVENTION  ILLUSTRATE  IT  WITH  A 
NUMBER  OF  ³EXAMPLES´  AND  SUMMARISE  IT  IN  A  NUMBER  OF 
³CLAIMS´  )T  IS OFTEN DESIRABLE TO DRAFT THESE SOMEWHAT MORE 
BROADLY  THAN  IS  STRICTLY  NECESSARY  IN  ORDER  TO  ANTICIPATE 





OF  SUSPICION  WHAT  IS  SHOWN  AS  EXAMPLES  IS  PROBABLY  TRUE 
BUT  SINCE  THEIR  TRUTH  IS  NOT  PART  OF  THE  PROCESS  OF 
EXAMINATION  SOME  DEGREE  OF  CAUTION  IS  ALWAYS  DESIRABLE 
)N THIS REVIEW INFORMATION DERIVED FROM PATENTS IS THEREFORE 









THAT  NONE  OF  THE  HINTS  THAT  THIS  EARLY  WORK  PROVIDED  WERE 
FOLLOWED UP AND EXPLORED FOR MANY YEARS 5NDOUBTEDLY THE 
EARLIEST  OBSERVATION  WAS  THAT  BY  $ULONG  AND  4HENARD  ;= 
WHO  IN    FOUND  THAT  GOLD WAS  AMONG  THE METALS  THAT 
CATALYSED THE DECOMPOSITION OF AMMONIA THIS WORK HELPED 





½RST  ATTEMPT  TO  FOLLOW  THE  KINETICS  OF  A  CATALYSED  REACTION 
RESULTS  RELATING  TO  THE  EFFECT  OF  PRETREATING  THE  GAUZE  IN 
HYDROGEN  AT  VARIOUS  TEMPERATURES  ARE  SHOWN  IN  &IGURE   
,ATER  IN   IT WAS SHOWN ;=  THAT THE POSITIVE EFFECT OF 
PREHEATING IN HYDROGEN WAS DUE TO THE REMOVAL OF DISSOLVED 
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SEVERAL  MENTIONS  OF  GOLD  AS  MODIFYING  THE  ACTIVITY  OF  THE 
PLATINUM  GROUP METALS  PGMS	  4HUS  OXIDESUPPORTED  GOLD 
PLUS A PGM WAS CLAIMED TO CATALYSE THE REDUCTION OF MALEIC 
ACID AND OF MNITROPHENOL AS WELL AS BUTADIENE AND THE 
CARBONYL  FUNCTION  ;=  WHILE  THE  USE  OF  !U    0T	3I/  HAS 
BEEN PATENTED FOR THE SELECTIVE HYDROGENATION OF ALKYNES AND 




THE  METAL  SHOWED  MODERATE  ACTIVITY  FOR  PENTENE 
HYDROGENATION AT  + WHEN SUPPORTED ON 3I/ OR !L/ THE 
½RST  PUBLICATION  APPEARING  IN    ;=  AND  THIS  AND  OTHER 
LATER WORK HAS BEEN FULLY REVIEWED ;= 4HIS WORK PROVIDED 
THE  ½RST  HINT  THAT  THE  PARTICLE  SIZE  OF  THE  GOLD  MIGHT 
BE  IMPORTANT  AS  THE  TURNOVER  FREQUENCY  BEGAN  TO  RISE 
DRAMATICALLY  WHEN  THE  GOLD  CONTENT  OF  !U3I/  FELL  BELOW 
  WT    SEE  &IGURE  	  )T  IS  ALSO  ACTIVE  FOR  HYDROGENATING 
BUTADIENE AND OTHER DIENES ;= )TS ABILITY TO HYDROGENATE 
#(	3I#L TOGETHER WITH A COLOURLESS PRODUCT THAT CONDENSED 
ON  A  COLD  ½NGER  AND  DECOMPOSED  TO  GOLD  AND  METHANE 
ABOVE  + )T WAS THOUGHT TO BE !U#(	 !LKYL COMPOUNDS 
ALSO CONTAINING A HALIDE ATOM ARE HOWEVER MUCH STABLER THEIR 




THEM  TO  THAT  DATE  4HE  COLOURLESS  #(	!U"R  MP    +	 
WAS MADE BY THE 'RIGNARD REACTION OF #(	-G"R AND !U"R 
IT WAS SOLUBLE IN NONPOLAR SOLVENTS AND CHLOROFORM BUT NOT 
WATER  AND  DECOMPOSED  EXPLOSIVELY  ABOVE    +  )T  COULD 
HOWEVER APPARENTLY BE STABILISED BY REACTION WITH AMMONIA 
TO FORM WHITE CRYSTALS OF #(	!U"R.( WHICH WAS SOLUBLE 
IN A  RANGE OF  SOLVENTS AND  IN DILUTE (#L WHERE  ITS  SOLUTION 
WAS  STABLE  TO  BOILING  4HE  DARK  RUBYRED  #(	!U"R  WAS 







GOLD  COMPOUND WITH ACETIC  ACID  IN  A POLAR  SOLVENT  A NON
POLAR  SOLVENT  PRECIPITATES  THIS  COMPOUND  WHICH  IS  SOLUBLE 
BOTH  IN  ACIDIC  AND  NEUTRAL  WATER  AND  IN  ORGANIC  SOLVENTS 
'REATER USE OF HALOGENFREE COMPOUNDS OF GOLD IS SURELY TO 
BE RECOMMENDED
&INALLY  THE  SHOCKSENSITIVE  NATURE  OF  !U.  COMPOUNDS 
PRESENT WHEN  GOLD  SALTS WERE  REDUCED WITH  HYDROXYLAMINE 
WAS NOTED BY #USUMANO IN  ;= THEIR HAZARD HAS BEEN 
FREQUENTLY NOTED SINCE THE ACCIDENT IN THE *OHNSON -ATTHEY 



































THAT  ACCOMPANY  IT  AND  CAUSE  DEACTIVATION  4HE  PROBLEM 
MAY  BE  AVOIDED  IN  ONE  OF  TWO  WAYS  	  BY  OXIDATIVE 
DEHYDROGENATION SEE 3ECTION 	 OR 	 TEMPERING THE ACTIVITY 
OF  THE  METAL  BY  COMBINING  IT  WITH  AN  INERT  COMPONENT 
THAT LIMITS THE SIZE OF THE ACTIVE ENSEMBLE AND THUS LOWERS 
THE  FORMATION  OF  TOXIC  INTERMEDIATES  4HUS  A  PATENT  ;= 
CLAIMS AS A DEHYDROGENATION CATALYST ±A PGM  2E  3N )) OR 
)6	    A 'ROUP  METAL  ESPECIALLY  !U² -ATERIALS  OF  SIMILAR 
COMPOSITION  BUT  WITHOUT  THE  RHENIUM  ARE  CLAIMED  FOR 
DEHYDROGENATING  ORGANIC  COMPOUNDS  IN  THE  PRESENCE  OF 












SUCH  AS MIGHT  BE  USED  IN  CONNECTION  WITH  THE  SEPARATION 
OF  5  FROM  THE MIXTURE OF  NATURALLYOCCURRING  ISOTOPES BY 
GASEOUS  DIFFUSION  OF  5&  !MONG  THE  CATALYSTS  USED  FOR 





OF  3IR  .ORMAN  (AWORTH  A  CARBOHYDRATE  CHEMIST  WHO  HAD 








ON  THE  HYDROCHLORINATION  OF  ETHENE  TO  GIVE  A  MIXTURE  OF 
CHLOROETHENE VINYL CHLORIDE	 )	 AND DICHLOROETHANE ))	 
4HUS  FOR  EXAMPLE  A  CARBONSUPPORTED  CATALYST  CONTAINING 
!U    #U	  TOGETHER  WITH  PALLADIUM  OR  ZINC  AT    +  GAVE 
QUITE HIGH CONVERSIONS AND SELECTIVITIES TO )) OF  ;= 
4HE METALS WERE CONVERTED TO THEIR CHLORIDES DURING REACTION 
AND  THE  PRESENCE  OF  SODIUM  CHLORIDE  WAS  HELPFUL  ;= 
(OWEVER THE SILICASUPPORTED CHLORIDES OF !U  #U	 WITH AN 
ALKALI  METAL  CHLORIDE  AT    +  WAS  CLAIMED  TO  GIVE   
SELECTIVITY TO )
)T IS POSSIBLE TO SPECULATE WHY GOLD IS OFTEN SUPERIOR TO THE 
OTHER  'ROUP    ELEMENTS  IN  CATALYSING  REACTIONS  OF 
HALOGENATED MOLECULES )T IS LIKELY THAT IN MANY CASES AN !U)





GREATER  EASE  OF  OXIDATION  MAY  PROVIDE  THE  BASIS  FOR 
UNDERSTANDING THE BEHAVIOUR OF GOLD 3IMILAR CONSIDERATIONS 
HAVE  BEEN  USED  TO  PREDICT  THE  ACTIVITY  OF  GOLD  FOR  THE 
HYDROCHLORINATION OF ETHYNE THE CHEMISTRY OF WHICH HAS BEEN 
REVIEWED ;= -ORE RECENT WORK ON GOLDCATALYSED REACTIONS 




!N ENORMOUS EFFORT  HAS BEEN DEVOTED  TO  ATTEMPTS  TO  ADD 
VALUE  TO  COMPONENTS  OF  HYDROCARBON  FEEDSTOCKS  BY  THEIR 
SELECTIVE  OXIDATION  OR  DEHYDROGENATION  THE  LATTER  WAS 
COVERED IN 3ECTION  4HE VARIOUS PROCESSES CAN BE SUBDIVIDED 
AS 	 THOSE IN WHICH ONE OR MORE OXYGEN ATOMS ARE ADDED 









(OWEVER  WITH  BOTH  TYPES  OF  PROCESS  THERE  IS  THE  RISK  OF  A 
PARALLEL  NONSELECTIVE  OXIDATION  LEADING  TO  COMPLETE 
DEGRADATION OF THE REACTANT AND CATALYSTS HAVE TO BE CAREFULLY 




ON    !U!L/  SPHERES  ;=  WHILE  IN  AN  INTERESTING 
ANTICIPATION OF WHAT LATER BECAME A WELLEXPLORED CATALYST IT 
WAS FOUND THAT ETHYLBENZENE WAS OXIDISED TO STYRENE IN  
YIELD  AT    +  USING    !U4I/   M




TO  CATALYSE  OXIDATIVE  DEHYDROGENATION  INCLUDE  KETONES 
;  =  ESTERS  ;=  AND  ACETALS  ;=  THUS  FOR  THE  REACTION
  #(#( /#(	 m #(  #(/#(	
A  YIELD  OF    AT    +  WAS  CLAIMED  USING  A  0D    !U   
+/!C	3I/  CATALYST  #YCLOHEXANONE  CAN  BE  OXIDISED  TO 
CYCLOHEXENONE  ;=  CYCLOHEXANE  TO  BENZENE  ;=  AND 
ETHYLENE GLYCOL DIHYDROXY ETHANE	 TO GLYOXAL /(##(/	 
;=  'OLD  MAY  BE  MORE  ACTIVE  THAN  SILVER  FOR  CONVERTING 
METHANOL TO FORMALDEHYDE ;= 4HESE REACTIONS HAVE NOT IN 
GENERAL BEEN REEXAMINED USING THE LATEST FORMS OF SUPPORTED 
CATALYSTS  NOR  HAVE  THEY BEEN  SUBJECTED  TO DETAILED  KINETIC 
ANALYSIS
 -ANY  OF  THE  PATENTS  GRANTED  IN  THE  REVIEW  PERIOD 





THE  CATALYST  BY METHODS  SIMILAR  TO  DEPOSITIONPRECIPITATION 
; = OR TO THE USE OF PROMOTERS SUCH AS BARIUM COMPOUND 
;=  OR  THE  SULFATE  ION  ;=  /THER  CLAIMS  INCLUDE  THE 
USE OF !U3N/  A PGM ;= METALLIC GOLD BY ITSELF ;= AND 
#U  !U	3I/ ;= #ATALYSTS SIMILAR TO THE 7ACKER TYPE ARE 
STATED  TO PERFORM OTHER  POSSIBLY  RELATED  REACTIONS  ALKENES 
HAVING    CARBON  ATOMS  ARE  OXIDISED  TO  UNSATURATED 




!C    #/#(	  )N  AN  INTERESTING  EXTENSION  OF  THE  7ACKER 
REACTION PROPENE  IS OXIDISED  TO ALLYL  ACETATE HYDROLYSED  TO 
THE  ALCOHOL  AND  ISOMERISED  BY  0D    !U	3I/  AT    +  TO 
PROPRIONALDEHYDE ;= 4HE REACTIVE METHYL GROUP IN TOLUENE 
CAN ALSO BE OXIDISED TO GIVE BENZYL ACETATE ;= 4HE 7ACKER 





)N  A  QUITE  DIFFERENT MODE  !U00H	#L  IN  TOLUENE  CATALYSES 
THE  OXIDATION  OF  CYCLOHEXENE  TO  A  MIXTURE  OF  CYCLOHEXENE 
OXIDE AND CYCLOHEXENONE AT  + IN  YIELD ;=






THE  NORMAL  APPLICATION  OF  THIS  REACTION  7HEN  CARBON 





BEING  THE  MORE  ACTIVE  SIMILAR  PLATINUM  CATALYSTS  WERE 
HOWEVER EVEN MORE ACTIVE ;=
!CROLEIN  IS  OXIDISED  TO  ACRYLIC  ACID  BY  MIXED  OXIDES 
CONTAINING !U OR !G ;= AND CROTONALDEHYDE IS DIMERISED TO 
PTOLUALDEHYDE BY  !U  3N  0B	  ;= 0RIMARY ALCOHOLS ARE 
OXIDISED TO ACIDS BY 0D!U!L/  ;= AND  ³SUGAR ALCOHOLS´  TO 
ALDONIC ACID ;= FORETELLING THE WORK OF 2OSSI AND OTHERS ;= 
WHILE PROPENE IS OXIDISED TO PROPENE OXIDE BY !U"R AT  + 
AND  HIGH  PRESSURE  IN  A  COMPLEX  BREW  CONTAINING  BENZENE 
A  NITRITE  AND  ACETIC  ACID  ;=  4HIS  PROCESS  HAS  NOT  BEEN 
COMMERCIALISED
  #ATALYSTS FOR FUEL CELL ELECTRODES
!MONG  THE  FEW EARLY  PATENTS  ON  THIS  SUBJECT  THAT MENTION 
GOLD TWO CLAIM THE USE OF A 2ANEY ALLOY CONTAINING SILVER AND 
GOLD BESIDES ALUMINIUM  ; = ONE  SPECI½CALLY GIVES  THE 
COMPOSITION  AS  !L!U!G  ;=  !NOTHER  MENTIONS  USING 








4WO  OTHER  USES  FOR  GOLDCONTAINING  CATALYSTS  FEATURE 
SIGNI½CANTLY  IN PATENTS GRANTED  IN THE YEARS BEFORE  I	 
VEHICLE  EXHAUST  TREATMENT  AND  II	  HYDROCARBON  REFORMING 








NECESSARY  TO  HAVE  A  MULTICOMPONENT  CATALYST  RECENT 
DEVELOPMENTS ;= CON½RM THIS NEED
4HE TERM ³HYDROCARBON REFORMING´ EMBRACES A NUMBER OF 
DISTINCT PROCESSES  INCLUDING  SKELETAL  ISOMERISATION  OF GREAT 
IMPORTANCE  IN  PETROLEUM  REFORMING  TO  RAISE  THE  2/.	 
DEALKYLATION  OF  ALKYLAROMATICS  EG  TOLUENE  TO  BENZENE	 
AND STEAMREFORMING AS A ROUTE TO SYNGAS	 ALKYL GROUPS CAN 





INTERESTING  SINCE  RHENIUM  BY  ITSELF  IS  VERY  ACTIVE  FOR 
HYDROGENOLYSIS SO WE MUST SUPPOSE THAT GOLD ATOMS ON THE 
SURFACE  OF  RHENIUM  PARTICLES  GENERATE  SMALL  ISOLATED 
ENSEMBLES  OF  THE  LATTER  AND  THAT  THESE  ARE  ONLY  CAPABLE 
OF  ISOMERISATION  4HIS  IS  QUITE  POSSIBLE  AS  A  SIMILAR  EFFECT 
WAS  FOUND  WITH  RUTHENIUM  CATALYSTS  PARTIALLY  POISONED  BY 
SULPHUR ;= /NE ALSO RECALLS THE 4OPSE WORK ON USING GOLD 
TO MODERATE THE STEAMREFORMING ACTIVITY OF NICKEL  ;= 4HE 
2E  !U  SYSTEM  SHOULD PROVE  REWARDING  FOR  A  FUNDAMENTAL 
STUDY  )N  A  SIMILAR  VEIN  PALLADIUM MODI½ED  BY  A  'ROUP   
METAL  ON  A  REFRACTORY  SUPPORT  EG  0D!U	!L/	  HAS 
BEEN CLAIMED FOR PETROLEUM REFORMING ;=
4HE MODERATING IN¾UENCE OF THE METALS OF 'ROUP  WAS 
ALSO  DEMONSTRATED  BY  AN  )#)  PATENT  DATED    WHICH 
CLAIMED A NICKEL STEAMREFORMING CATALYST THAT ALSO COMBINED 
ONE OR MORE PGMS PLUS  OF A 'ROUP  METAL ;= 4HIS IS 
A  CLEAR  ANTICIPATION  OF  THE  4OPSE WORK  ON  THE  NICKELGOLD 
SYSTEM WHERE IT WAS SHOWN THAT GOLD EXTENDED THE CATALYST 
LIFE  BY  INHIBITING  THE  FORMATION  OF  CARBONACEOUS  DEPOSITS 
THROUGH  LOWERING  OF  THE  MEAN  SIZE  OF  THE  NICKEL  ATOM 
ENSEMBLES ;= 3TEAMDEALKYLATION OF TOLUENE IS ALSO EFFECTED 
BY GOLD ON ALUMINA EG !UI !L/	 AT  + ; =





CATALYST  HAVING    )R      !U  HAS  BEEN  USED  FOR  THE 
HYDRODEALKYLATION OF AROMATICS ;= WHILE VARIOUS UNSPECI½ED 
GOLD CATALYSTS CONVERT DIMETHYLCYCLOHEXANE TO A MIXTURE 
OF  TOLUENE  AND  DIMETHYLBENZENE  ;=  AN  !U.A!L/ 


















AND  AMMONIUM  SALTS  TO  BE  DISSOLVED  IN  NEUTRAL  ACIDIC  OR 
BASIC  WATER  6ARIOUS  METALS  INCLUDING  GOLD  ARE  CLAIMED  TO 
FORM  SALTS  OF  THE  GENERAL  FORMULA -#/	.(	X  IN  AQUEOUS 
SOLUTION  AND  TO  DEPOSIT  A  BASIC  CARBONATE  ONTO  A  SUPPORT 
UPON  HEATING  ;=  CALCINATION  AND  REDUCTION  COMPLETES 















FOREFRONT  OF  CATALYTIC METALS  0RECISE  COMPARISON  FOR  OTHER 
REACTIONS IS EXTREMELY DIF½CULT BECAUSE OF THE VERY DIFFERENT 
TEMPERATURES THAT OFTEN NEED TO BE USED 
4HIS  REVIEW  HAS  ONLY  TOUCHED  ON  ABOUT    OF  THE   
ARTICLES AND PATENTS LISTED IN THE ,ANCASTER2APSON DOCUMENT 
ALTHOUGH ON CLOSE INSPECTION QUITE A FEW OF THE PATENTS ONLY 
MENTION  GOLD  AS  A  PRECAUTION  AND  DO  NOT  PROVIDE  ACTUAL 
EXAMPLES  OF  ITS  USE  .EVERTHELESS  EXAMINING  THE  OLDER 
LITERATURE CAN PROVIDE SOME  INSPIRATION FOR  FUTURE DIRECTIONS 
OF RESEARCH AND  IN PARTICULAR THERE ARE QUITE A FEW SYSTEMS 
THAT WOULD BEAR  REEXAMINATION  ESPECIALLY  BY  FUNDAMENTAL 
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